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Prcamble to Annual Rcport

Our first publication in Dececmber 1985 (Resnick L, DiMarzo-Veronese F, Schupbach
J, Tourtellottc WW, Ho DD, Muller R, Shapshak P, Vogt M, Groppman JE, Markham PD, Gallo
RC: Intra-blood-brain-barricr synthcsis of HTLV-IlI-specific IgG in paticnts with
ncurologic symptoms associatcd with AIDS or AIDS-Rclated Complex. N Engl J Mcd 313: 1498-
1504, 1985) was the basis for this ptoposal to the Army DOD. We lcarncd from this
pioncering study that the CNS could be infected with or without ncurologic symptoms and
signs and indcpendent of the discase progression, i.e., seropositive asymptomatic, ARC or
AIDS. Accordingly, while we werec recruiting to fulfill the rcquircments of the grant
proposal awarded October 1, 1986, wec decided to study another group of spccimens
(blood/CSF obtained from ours and others AIDS Centers around the world). Of the 52
paticnts studied about half had CNS signs and symptoms (all diffcrcat than those rcported
‘n our 1985 publication). This study was rccently published in the January issuc (Resnick
L, Berger JR, Shapshak P, Tourtcllottc WW: Early pcnctration of the blood-brain-barricr by
HIV. Neurology 1988, 38: 9-14.) I have bascd the Annual Rcport on this publication since
thc work was donc during grant pcriod ycar one. Unfortunatcly, all these paticnts arc lost
to follow-up.

Additionally, I was asked to present these data to the Infectious Discasc and
Ncurologic Unit at WRAIR Scptember 17, 1988.

Furthermore, the ncxt day I prescated to George E.T. Stebbing, Col. USA, MC,
Chairman, Committce cntiticd "VA/DOD Committce on Continuity of Carc and Research
(AIDS)" at the Pentagon.

Because I was under thc impression that thc Annual Report replaced the 4th
quarterly rcport (July 1 to Scptember 30, 1987) we did not send forward a rcport. I have
subsequently lcarned that it is rcquired, and it is included in this mailing.

The fourth quarter was diffcrent from the third quarter. We finished the
manuscript which was published in January 1988 Ncurology, and wc picked up momecntum
in cntering patients into our longitudinal study since we recruitcd 2 physician scicntists,
onec a board ccrtificd ncurologist and the othcr a board certified infectious discase
intcrnist who complcted a project on AIDS the previous year and hencc knew the Los
Angcles Gay Community Nctwork.

[(1) Statcment of the problcm under study.

To provide a better undcrstanding of the natural history and pathogencsis of
ncurologic syndromcs rclated to HIV infection, HIV isolation and antibody studics are
being performed from blood and CSF of scropositive patients in various stages of discase
dcvelopment ranging from asymptomatic to ARC to AIDS.

(2) Background and rcview of appropriatc litcrature.

AND

(3) Rationale.

A widc varicty of ncurologic discascs occur in association with human
immunodcficicncy virus (HIV) infection.[1-3]  Evidence is accumulating from clinical and
laboratory studics that ncurologic complications may result from the underlying immunc
dysfunction causcd by HIV or as a conscquence of HIV infcction of the ncrvous system.[4-

6] Progressive dementia, of uncxplained origin, in HIV scropositive paticnts is probably
the most common ncurologic scqucla, occurring in as many as 60% of paticnts with

AIDS.[7-8]  Various uncxplaincd ncurologic processes such as vacuolar myclopathy, acutc
and chronic ascptic mcningitis, pcriphcral ncuropathy, and spinal myoclonus are bcing

rccognized with increasing frecqecuncy in paticnts who are scropositive for HIV. (9-12]
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These HiV-associated necurologic discases may appear in the abscnce of immunologic
abnormalities as the primary or only manifcstation of the infection.[13]

Previous studics describing the recovery of HIV from the CSF and neurologic tissucs
have focuscd largely on paticats with neurologic manifcstations associatcd with AIDS and
ARC.[1415]  Our rescarch will provide a better understanding of the natural history and
pathogencsis of ncurologic syndromcs rclated to HIV infection, since HIV isolation and
antibody studics are being performed from blood and CSF of scropositive paticnts in
various stages of discasc devclopment, ranging from asymptomatic to ARC to AIDS. So far
we have studicd 52 paticnts, 29 had various ncurologic signs and symptoms, and 23 had no
clinically overt ncurologic abnormalitics.

{(4)  Experimcntal mcthods. |

Patients, Lumbar puncturcs werc performed on 52 patients scropositive for HIV
by cnzyme-linked immunosorbent assay (ELISA) and Western blot. Permission for lumbar
puncture was obtaincd in all paticnts. Physical cxaminations and laboratory studies were
performed, and all paticnts were classificd according to clinically defined groups.[16]
Forty-eight mcn and 4 womcn (ages 21 10 59 ycars; mcan, 38 ycars) were studied, 20 with
AIDS, 20 with ARC, and 12 scropositive paticnts from high-risk groups with no clinical
cvidence of AIDS or ARC. Twenty-thrce paticnts had no clinical evidence of ncurologic
abnormalitics. Twenty-nine patients cxhibited clinical cvidence of ncurologic discasc: 24
had uncxplaincd ncurologic discasc and 5 had ncurologic discase accompanicd by infection
with dctected CNS opportunistic pathogens. Fourtcen paticnts had dementia, 3 had
myclopathy, 3 had ascptic meningitis, 3 had peripheral ncuropathy, 1 had spinal
myoclonus, 2 had CNS toxoplasmosis, and 3 had cryptococcal meningitis. All paticnts had
known risk factors for HIV infection: 44 wcre homoscxual and 8 were intravcnous drug
abusers.

Serum and cerebrospinal fluid samples. Scrum and CSF samples were
collected simultancously under sterile conditions and stored at -709C for thc performance
of the immunologic procedurcs for detection of HIV antibodics. For virus isolation studies,
CSF specimens wcre placed at 4°C immediately after lumbar puncture and cultured within
24 hours of collection. Three paticnts were cxcluded becausc thecir CSF specimens had
evidence of blood contamination.

Virys isolation, HIV isolation studics from CSF wcre routincly performcd as
follows: 3 to 5 ml of CSF was centrifuged at 600g for 15 minutes and the cell pellct was
rcsuspended in 0.5 to 1.0 ml of CSF. The suspcnsion was cocultivated with 5 x 109 Ficoll-
Hypaque-scparatcd normal periphcral blood mononuclecar cells pretrcated with 5 pg/ml
phytohemagglutinin (Sigma) and 25 pg/ml DEAE-dextran (Sigma). The cultures were
maintaincd in T25 flasks containing RPM1-1640 mcdium supplemcnted with 25% heat-
inactivated fetal bovine scrum, L-glutamine (2 mM), and 10% interlcukin 2 (Cecllular
Products) at 379C in a 5% CO2 atmosphcrc. Every 3 to 5 days, the mcdium was changed,
viable cclls wre dctcrmined by thc trypan blue cxclusion mcthod, and ccll density was
adjusted to 1 x 106/ml. Supcrnatant fluids wcrc assaycd for rcversc transcriptasc activity
twice weckly as described.[17) Reverse transcriptasc assays rcsulting in radioactivity
counts above 10,000 cpm/ml of cultured medium with paircd background counts under
1,500 cpm/ml were considcred positive. The findings of clevated reverse transcriptase
activity on two successive dcterminations in association with cell cytopathic cffccts and, in
four instances, thc prescnce of syncytia (multinuclcated giant cells) provided cvidence for
the prescnce of HIV in culture.l18)  Cultures ncgative for thc prescnce of HIV were
discarded after 10 wecks.

m31/G/R/87 Annual 4
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In six spccimens, in addition to the routine isolation technique, 3 to 5 ml of CSF was
ultraceatrifuged at 100,000 g for 1 hour. The pecllct was resuspended in 0.5 to 1.0 ml of CSF
and the suspension was culturcd as described in the routine methods.

lood cultures to dctect HIV were performed as previously described.[17]

D . l itation of  HIV- ific 12G i ! inal _fluid
and serym, HIV ELISA and Wecstem blot analysis were performed as previously
described.[191  HIV-specific IgG antibodics in CSF and scrum samples were quantitated by
an ELISA in which a known quantity of affinity-purificd human HIV-specific antibodics
was used as a rcference. The purification of thesc antibodics was performed as previously
described (191 The affinity-purificd antibodies were scrially diluted (in quadruplicate) in
HIV aatibody-negative CSF or scrum and scrved as standards on the assay plates on which
the samples were tested.

ligoclon 1 rmingtion, Oligoclonal IgG bands were dctected by
isoclectric focusing clectrophorcsis as described.[20] Oligoclonal igG bands are dcfincd as
IgG bands found cxclusivcly or more intenscly in CSF than in autologous scrum.

ntra-bl - in-barri 1 and HIV-specific TgG synthesis rates,
IgG and albumin concentrations were quantificd by elcctroimmunodiffusion,(21]  and the

intra-blood-brain-barricr total IgG synthesis ratc (milligrams per day) was calculated[22]
as:

IgGSER ALBSERUM IeGSERUM
( (IgGCSF - S3E69UM)'(ALBSERUM- ——S——)X(i———)(m)] X s,

230 ALBSERUM

where concentrations are in milligrams per deciliter, ALB dcnoted albumin; CSF, cercbral
spinal fluid; 369 and 230, the average normal scrum/CSF ratios for IgG and albumin,
respectively; 0.43, the molecular weight ratio of albumin/IgG; and 5, the daily production
of CSF in dcciliters. Normal intra-blood-brain-barricr total IgG synthcsis rate valucs are
less than 3 mg/d. The HIV-specific intra-blood-brain-barricr IgG synthesis rate was
calculated as the percentage of total intra-blood-brain-barricr IgG synthesis. Any
detcctable amount is abnormal.

[(5) Results

CSF was obtaincd for HIV culture from a total of 55 paticnts. CSF culturcd from 10 of
52 paticats (19%) yiclded findings consistent with HIV infection. Five of 23 (22%) CSF
specimens were culturc-positive for HIV in the ncurologically asymptomatic group, in
comparison with 5 of 29 (17%) CSF samplcs in thc ncurologically symptomatic group.
Simultancous blood collections for HIV isolation could bc obtaincd from only 10 of the 23
ncurologically asymptomatic and 13 of the 29 ncurologically symptomatic paticnts. The
incidence of positive HIV blood culturcs was approximatcly the samc in both groups (70%,
7 of 10 in the ncurologically asymptomatic group and 9 of 13 in the ncurologically
symptomatic group). HIV was isolatcd from the CSF in 3 of 8 asymptomatic scropositive
paticnts and in 2 of 4 scropositive paticnts with uncxplained ncurologic abnormalitics as
thc oanly manifcstations of HIV infection.

The frequency of HIV isolation from CSF was higher in scropositive paticnts with no
clinical cvidence of AIDS, 9 of 32 (28%), in comparison with 1 of 20 (5%) in paticnts with
AIDS (p <0.05). Rccovery of HIV from blood culturcs was successful in 10 of 15 paticats
(66%) without AIDS and in 6 of 8 paticnts (75%) with AIDs. Positive HIV CSF culturcs
decmonstrated clevated reverse transcriptase aclivity usually after 10 days in culturce
(mcan, 18 ¢.ys), suggesting lower viral quantitics than that found in peripheral blood,
which exhibitcd dctectable clevations in rcverse transcriptasce activity wusually within 10

m31/G/R/87 Annual 5
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days of culture.123]  Rccoverable HIV from CSF could be propagated in culturc. Nommal
peripheral blood mononuclear cclls that were incubated with the supernatant fluid of five
HIV culturc-positive CSF samples showced the presence of HIV, within 2 wecks of culture, in
all cases.

Recovery of HIV from CSF was successful in 1 of 3 paticnts with myclopathy, 2 of 3
paticnts with peripheral ncuropathy and 2 of 3 paticnts with ascptic meningitis. HIV could
not be rccovered from 14 paticnts™ with uncxplainced dementia nor from 5 paticnts with
ncurologic discase causcd by dctcctable CNS opportunistic pathogens, cryptococcal
mcningitis, and ccrebral toxoplasmosis. In six instances of AIDS-associated dcmcntia, in
addition to the routinc isolation technique, attempts were made to incrcase the yicld of
isolation by conccntrating virus in CSF. Ultracentrifugation of CSF followed by culture
yiclded no recoverable virus in thesc six cases. There was no association between the
magnitude of CSF white blood ccll counts and protcin levels and the capacity to isolate
virus. HIV was isolatcd from the CSF of two paticats with nomal CSF white blood cell counts
and normal protcin levels.

All 10 paticnts whose CSF was positive for HIV isolation cxhibitcd cvidence of
clevated intra-blood-brain-barricr total IgG synthesis (range, 4 to 62 mg/d) and HIV-
specific IgG synthesis (range, 1 to 7% of total IgG synthcsis). Six of thc 10 paticnts had
detectable oligoclonal IgG bands in thc CSF. Therc was no association bctwceen the
magnitude of intra-blood-brain-barricr total IgG and HIV-spccific IgG synthesis rates and
the capacity to isolate virus in CSF. Thirty paticnts with clcvations in intra-blood-brain-
barricr total IgG (range, 3 to 81 mg/d) or HIV-specific IgG synthesis (range, 1 to 10% of
total IgG synthesis) rates had no recoverable virus. In two instances, rccovery of HIV from
CSF was not associated with rccovery from pcripheral blood.

All patients cxhibitcd antibodies dirccted against HIV in scrum and CSF by ELISA and
Western blot analysis. In all instances, paircd serum and CSF samples had the prescnce of
similar antibody rcactivitics dirccted against specific HIV antigens by Western blot
analysis. All 10 CSF viral isolations were associated with antibodics dirccted against p24, the
major corc protein, and gp4l, the transmembrane cnvelope protein of HIV, by Western
blot analysis.“g] HIV could not be recovered from the CSF of 23 patients who dcmonstrated
antibody rcactiv ity dirccted against gp4l in thc absence of rcactivity to p24 by Western
blot analysis.

The intra-blood-brain-barricr HIV-specific IgG synthesis rate was clevated in 39 of
52 patients (75%): in 18 of 23 (78%) with no ncurologic manifcstations and in 21 of 29
(72%) with ncurologic abnormalitics, 10 of whom had dcmentia. The frequency of an
clcvated intra-blood-brain-barriecr HIV-specific IgG synthesis ratc was &gmﬁcamly
higher in the group of scropositive paticnts without AIDS, 28 of 32 (88%), in contrast with
11 of 20 (55%) in thc group of paticnts with AIDS (p=0.009). In addition, a significantly
higher frcquency of an clevated HIV-specific IgG synthesis ratc was scen in association
with the prescnce of antibodics dirccted against p24 and gp4l in scra and CSF by Western
blot analysis: 26 of 29 paticnts (90%), in comparison with 13 of 23 (57%) in paticnts with no
dctectable antibodies directed against p24 (p=0.007).

CSF oligoclonal IgG bands wcre dctected in 31 of 52 patients (60%): in 12 of 23 (52%)
with no ncurologic manifcstations and in 10 of 29 (66%) with ncurologic abnormalitics, 8
of whom had decmentia. Oligoclonal IgG bands wecre dctected more frequently in paticnts
with antibodics dirccted against p24 and gp4l by Western blot analysis: 20 of 29 patients
(68%), in comparison with 11 of 23 (48%) in paticnts with no dctcctable antibodics dirccted
against p24. Two of 12 paticnts (16%) without cvidence of an clevated intra-blood-brain-
barrier HIV-spccific IgG synthesis ratc had dctectable oligoclonal IgG bands in CSF, in
contrast with 29 of 40 (72%) with an clcvated HIV-specific IgG synthesis ratc (p<0.01).

[(6) Discussion and conclusion. |

m31/G/R/87 Annual 6
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Our results indicate that infcctious HIV can be isolatced from the CSF of
ncurologically asymptomatic paticnts as well as ncurologically symptomatic paticnts at
various stages of infection ranging from asymptomatic to ARC to AIDS. Although other
investigators have rcported the isolation of HIV from the CSF of patients with ARC and
AIDS, this is the first rcport describing the isolation of HIV from thc CSF of asymptomaiic
seropositive paticnts. In contrast with our findings, Goudsmit ct all24] tested the CSF of 13
asymptomatic scropositive paticnts, “but were unable to dcmonstrate HIV antigen by an

ELISA.[24]  One cxplanation for the difference in these findings is that carly in the course
of viral infection, paticats have clevated titers of antibodics to HIV core protcins and form
immune complexcs that may block antigen dctection by the ELISA antigen assay (Wade
Parks, M.D., Ph.D., University of Miami School of Medicine, Miami, FL). This suggests that in
the asymptomatic scropositive paticnts, virus isolation is a more scnsilive mecthod than the
ELISA :aatigen assay for dctecting HIV in the CSF.

In our patients, the yicld of virus rccovery from CSF was significantly grcater in
scropositive paticnts without clinical cvidence of AIDS, 9 of 32 (28%), than in paticnts with
AIDS, 1 of 20 (5%). Our ratc of rccovery of virus from thc CSF of paticnts with AIDS is

substantially lower than thosc rcported previously. Levy ct alll4] studicd 14 homosexual
patients with AIDS, and rcported the isolation of HIV from the CSF of alll2 (100%) paticnts
with ncurologic discasc and in 1 of 2 paticnts without ncurologic discasc. Ho ct all13]
studicd 25 patients with AIDS and rcportcd the isolation of HIV from the CSF in 12 of 18
paticnts (66%) with ncurologic discase, but werc unable to rccover HIV from 7 paticnts
without ncurologic discase.

These differences arc difficult to cxplain. It is unlikcly that the low ratc of HIV
isolation from thc CSF of our paticats with AIDS is duc to mcthods, since we were able to
rccover virus from the CSF of scropositive paticnts without AIDS, and the rate of HIV
isolation from pcripheral blood was comparable to thosec rcportcd by other

investigators.[25]  We cannot cxclude differences in the selection of paticnts and the
timing of CSF sampling as possible cxplanations. Nevcrtheless, rccovery and quantitation
of HIV from CSF may prove beneficial as a marker for prognosis and in the monitoring of
potential CNS antiviral therapy.

All CSF samples that had rccoverable virus were from patients who cxhibited
serologic evidence of antibodies direcctcd against HIV p24 and gp4l by Western blot
analysis. These paticnts are gcnerally carlier in their viral infection in comparison with
paticnts with an abscnce of antibodics to p24.[26'28] As infcction progresses, the host
immunc rcsponse may restrict the level of HIV replication in the CNS.

Specific antibodics synthcsized intra-blood-brain-barricr arec a by-product of
plasma cclls containcd within the blood-brain-barricr and rcflect the presence and
intensity of a CNS immunc rcsponsc. The intra-blood-brain-barricr IgG synthesis ratc
cquation corrccts for diffusion of IgG from the scrum across the blood-brain-barricr and
also for possible damage to the barricr. Thercforc, an clcvated intra-blood-brain-barricr
IgG synthesis ratc provides cvidence for dc novo IgG synthesis within thc CNS, and this
evidence has been supported by the presence of unique CSF oligoclonal IgG bands.[22]]The
prescnce of oligoclonal IgG bands in association with clevated intra-blood-brain-barrier
HIV-specific IgG synthesis rates in the majority of scropositive paticnts confirms the
presence of a local CNS immunc response to infection by HIV in all stages of discasc
dcvclopment and irrcspective of ncurologic discasc.[19]  The prescnce of an clevated intra-
blood-brain-barricr HIV-spccific IgG synthcsis ratc was dctected more frequently in
scropositive paticnts without AIDS, and could potcntially bec utilized to dctermincd the
timing of CNS infcction by HIV.

Our findings corrclate with cxpcrimental visna virus infection, in which it is easier
to rccover virus from the CSF of shcep during carly infcction whether or not the animal

has clinically cvident ncurologic disease (291 As time of infection progresses, visna virus
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can only occasionally bc recovered from the ncurologic compartment by cocultivation
with CSF cells or neurologic tissuc. Examination of the CSF of infected shccp
characicristically rcveals a mononuclear plcocytosis, mildly elcvatcd protcin, and anti-
visna antibody can be dcmonstrated within the CNS.

The data rcportcd hcre are consistent with the hypothesis that HIV infects the CNS
carly ia thc course of viral infcction and before the devclopment of AIDS-associated
ncurologic abnormalitics. The virus could penctratc the blood-brain barrier by migration
of infccted mononuclear cclls into the parcnchyma or, altcrnatively, via dircct viral CNS
invasion.[30.31]  The manifestation of ncurologic diseasc may be dcpendent on multiple
factors, such as thc duration of HIV infcction of the CNS, concomitant infcction with other
agents, and the immune rcsponse within the CNS. Clcarly, additional studics must be
pcrformed to establish the true incidence of subclinical CNS infection associated with HIV.
Prospective studies neccd to be performed to determinc the spectrum of ncurologic discase
and the immunologic and viral-rclated factors that may be predictive of impending
ncurologic discase in HIV-infccted paticnts.

Conclusion; CNS dysfunction occurs frcquently in patients with HIV infection. To
better define the role of HIV in the pathogencsis of ncurologic dysfunction, HIV isolation
and antibody studics wecrc investigated from the CSF in 52 scropositive paticnts, 29 with and
23 without ncurologic signs and symptoms, in various stages of discasc dcvclopment
ranging from asymptomatic to ARC to AIDS. HIV was rccovercd from the CSF of 5 of 29
(17%) paticnts with ncurologic signs and symptoms and 5 of 23 (22%) ncurologically
asymptlomatic patients. All paticnts with positive CSF HIV culturcs had antibodics directed
against HIV p24 and gp4l in scrum and CSF by Western blot analysis and clevated intra-
blood-brain-barricr total IgG and HIV-speccific IgG synthesis rates. The frequency of CSF
HIV isolation from the group of scropositive patients without AIDS, 9 of 32 (28%), cxcceded
that of patients with AIDS, 1 of 20 (5%) (p<0.05). These findings indicate that HIV infects
the CNS early in the course of viral infcction and prior to the development of HIV-
associated neurologic abnormalitics.
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